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ABSTRACT 



The present invention relates to a system and a method for 
eliminating the dampness or moisture included in the incom- 
ing atmosphere(or air) with high temperature and humidity 
from outside into the underground storage facilities by 
condensing the moisture to water-drops. The present inven- 
tion suggests an underground facility having a dehumidifi- 
cation system comprising an inside wall depart from a wall 
of the underground facility to inside area with a distance, a 
buffering space formed between the wall and the inside wall, 
so that the inside wall divide the buffering space and a room 
of the underground facility and, a ventilation means by 
which air can be circulated between the room and the 
buffering space. According to the present invention, it is not 
need to install any air conditioner or dehumidifier needing a 
expensive cost for equipment at first and consuming much 
electrical power and maintenance cost in usage. 

13 Claims, 14 Drawing Sheets 
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Fig. 2 
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Fig. 4b 
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Fig. 6 
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Fig. 7a 




140a 



U.S. Patent Dec. 25, 2001 Sheet 10 of 14 US 6,332,326 Bl 

Fig. 7c 

/ 140a 




U.S. Patent 



Dec. 25, 2001 Sheet 11 of 14 



US 6,332,326 Bl 



Fig. 8a 
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DEHUMIDIF1CATION SYSTEM OF 
UNDERGROUND STORAGE FACILITIES 
AND A METHOD FOR DEHUMIDEFICATION 
THEREBY 

BACKGROUND OF THE INVENTION 5 

1. Field of the Invention 

The present invention relates to a system and a method for 
eliminating the dampness in the incoming atmosphere(air) 
which flows from outside into the underground or semi- j 0 
underground storage facilities in which all kinds of food, 
pharmacies, goods, etc. are in custody under the condition of 
the constant temperature and humidity for a long term 
period. Especially, the present invention relates to a system 
and a method for eliminating the dampness or moisture in 15 
the incoming atmosphere with high temperature and humid- 
ity which flows from outside into the underground storage 
facilities by condensing the moisture into water-drops. 

2. Description of the Background Art 

The typical underground facilities are constructed into or 20 
under the earth in order to use them as storage spaces for 
goods or as living spaces for people. In order to use the 
underground facilities efficiently, it is very important to 
maintain the atmosphere circumstance of the underground 
facilities appropriately to its usage. Contrary to the 25 
on-ground, the underground has the constant temperature 
circumstance of about 10-15 centigrade degree. Generally, 
the storage facilities demanded the constant temperature 
circumstance to be constructed underground. Therefore, at 
least one of the wall la, the ceiling lb and, the bottom lc of 30 
the underground facilities is under the earth(ground) 99, as 
shown in the FIG. 1. The temperature of the ground or 
underground exerts an important effect on the temperature of 
the inside space of the underground facilities. If the under- 
ground facilities are isolated from the outside circumstance, 35 
then the temperature and the humidity does not change. 
However, the outside atmosphere generally flows into the 
underground facilities according to loading and unloading of 
the stored goods. If the outside atmosphere is low in 
temperature and humidity, then the incoming atmosphere 40 
does not influence the inside atmosphere of the underground 
facilities. If the outside atmosphere is high in humidity, then 
the inside atmosphere of the underground facilities could 
have humidity problems. For example, if the outside atmo- 
sphere is in higher temperature and humidity than those of 45 
the inside atmosphere of the underground facilities, the 
humidity inside the underground facilities increases in case 
the air flows inside from the outside. The incoming atmo- 
sphere of high temperature and humidity which flows from 
the above-ground into the underground facilities is in con- 50 
tact with the inside wall of the underground facilities and the 
stored goods therein. The temperature of the atmosphere 
which came from the outside falls as it contacts the under- 
ground circumstances while having the outside humidity of 
high ratio. Generally, the temperature of the underground 55 
facilities is lower than the due point of the incoming 
atmosphere. Therefore, the dampness of the incoming atmo- 
sphere condenses at the surface of the inside wall of the 
underground facilities and the stored goods therein. As a 
result, it is easy for the moisture of the incoming atmosphere 60 
to condense. at the surface of the stored goods and surface of 
the wall, the ceiling and the bottom of the underground 
facilities. Then, the underground facilities cannot be used as 
the storage facilities. Especially, dew grows at the surface of 
the wall and the ceiling of the underground facilities as the 65 
temperature of the wall is lower than that of the inside 
atmosphere of the underground facilities. 
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In order to overcome the above mentioned problem, a heat 
shielding material 2 is applied on the inside surface of the 
underground facilities, that is, the wall la, the ceiling lb 
and, the bottom lc, as shown in FIG. 2. To do this, the lower 
temperature of the wall la contacting the earth 99 should be 
isolated from the inside atmosphere 11 of the underground 
facilities. Generally, the heat isolation material has two 
types, one is the panel type and the other is the spray type. 
When the panel type is applied, the atmosphere of the 
underground facilities can still contact the wall through the 
gap of the panels and the dew drops occur. The dewdrops 
may cause many unexpected problems. When the spray type 
is applied, no such dew occurs on the surface of the heat 
isolation material. However, the humidity problem inside 
the underground facilities is not eliminated basically. 
Therefore, in order to maintain the profit humidity condition 
for storing goods, de-humidification facilities are needed. 

The typical conventional underground facilities applying 
the panel type heat isolation material is mentioned below in 
detail. As shown in FIG. 3, an heat insulation layer 2 is 
formed by tiling the panel type heat insulation materials on 
the inside surface of the wall la of underground facilities. 
Generally, it is hard to plaster or paint on the surface of the 
heat insulation layer 2. Therefore, an inside wall 3 is 
constructed inside the underground facilities apart from the 
surface of the heat insulation layer 2 with certain a distance. 
As a result, a buffing space 4 is formed between the inside 
surface of the wall 1 of the underground facilities and the 
inside wall 3. In this case, the condensation occurs easily in 
the buffering space 4, especially, between the surface of the 
wall la and heat insulating layer 2. In order to treat the 
dewdrops resulting from the condensation, an water- 
draining trench 5 is formed facilities at the bottom of the 
buffing space 4 by constructing an water-proof groove 6 
defining boundary between the buffering space 4 and the 
room of the underground. Furthermore, a ventilation win- 
dow 11 is formed on the inside wall 3 in order to reduce the 
degree of humidity at the buffering space 4. However, the 
root cause of the high humidity or the over humidity in the 
underground facilities is not solved. Therefore, an additional 
facilities for dehumidification are needed. Generally, a dehu- 
midifier and an air-conditioner are used for eliminating the 
moisture in the outside atmosphere which flows into the 
room of the underground facilities. However, installing these 
dehumidification facilities and maintaining these above 
mentioned facilities are very expensive. 

SUMMARY OF THE INVENTION 
One object of the present invention is to provide an 
underground facilities having a dehumidification system and 
a method for dehumidificating the room atmosphere in the 
underground facilities. Another object is to provide a dehu- 
midification system using an active condensation inducing 
device in the underground facilities and a method for dehu- 
midification thereby. Yet another object is to provide an 
underground facility maintaining its room humidity to be in 
a lowered state and a method for maintaining the room 
humidity to be in a lowered state which is low enough to 
prevent the condensation problem from occurring on the 
goods in the storage facilities. 

In order to achieve these objects, the present invention 
suggests an underground facility having a dehumidification 
system comprising an inside wall departing from a wall of 
the underground facility towards the inside area with a 
distance, a buffering space formed between the wall and the 
inside wall so that the inside wall divides the buffering space 
and a room of the underground facility and a ventilation 
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means by which air is circulated between the room and the 
buffering space. Also, the present invention suggests a 
method for dehumidification in the underground facility 
comprising steps of dividing the inside space of the under- 
ground facility into two parts by constructing an inside wall 5 
near the wall so that one space formed between the inside 
wall and the wall is buffering space and the other space is a 
room space of the underground facility, flowing the air of the 
room space into the buffer space having the lower tempera- 
ture than the room space so that the moisture in the inflow 10 
air is eliminated by condensation and exhausting the being 
dry air in the buffer space back into the room space of the 
underground facility. 
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FIG. 1 is a cross-sectional view illustrating the conven- 
tional underground storage facility. 

FIG. 2 is a cross-section view illustrating the conventional 2Q 
underground storage facility with the heat insulating mate- 
rial on the inside surface of the wall. 

FIG. 3 is a cross-sectional view illustrating the conven- 
tional underground storage facility with the panel type heat 
insulating material on the inside surface of the wall. 2 5 

FIG. 4a is a cross-sectional view showing the structure of 
the underground facility with buffing space according to the 
present invention. 

FIG. 4b is a perspective view showing the structure of the 
underground facility according to the present invention. 30 

FIG. 5a is a cross-sectional view showing the structure of 
the underground facility according to the present invention. 

FIG. 5b is a perspective view with a condensation induc- 
tor in the buffering space according to the present invention. 35 

FIG. 6 is a perspective view showing another example of 
the present invention. 

FIGS, 7a and lb are perspective views showing examples 
of condensation inductors formed with a concrete wall. 

FIGS. 7c and Id are perspective views showing examples 40 
of condensation inductor formed with a waved steel sheet on 
the plain concrete wall. 

FIGS. 8a to 8c are showing examples of which the inside 
bottom is formed with full grating. 

FIGS. 9a to 9c are showing the inside bottom formed with 
partial grating. 

FIG. 10 is a cross sectional view showing an underground 
facility having one example of a heat-up area according to 
the present invention. 50 

FIG. 11 is a cross sectional view showing an underground 
facility having another example of a heat-up area according 
to the present invention. 
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Hereinafter, we explain about the present invention in 
detail referring to some preferred embodiments with draw- 
ings. 

Preferred Embodiment 1 60 

The FIGS. 4a and 4b show typical type of the under- 
ground facility according to the present invention. An under- 
ground facility is constructed under or semi-under the earth 
(or ground) 199. An inside wall 120 is constructed apart 
from the wall 110a of the underground facility towards the 65 
inside of the room with a certain distance. Therefore, a 
buffering space 130 is formed between the wall 110a and the 



inside wall 120 in which the temperature is lower than that 
of the room of the underground facility. In the buffering 
space 130, the temperature is directly effected by the earth 
199 or the wall 110a which contacts the earth 199. 
Therefore, the temperature of the buffering space 130 is 
generally lower than the room temperature of the under- 
ground facility. As a result, when the room atmosphere of the 
underground facility has high humidity and if it flows into 
the buffering space 130, the moisture of the flown atmo- 
sphere is condensed into dewdrops 170. 

A lower hole or window for ventilation 161 and an upper 
windows or holes for ventilation 162 are formed at the lower 
position and upper position of the inside wall 120, respec- 
tively. The atmosphere of the underground facility is flown 
into the buffering space 130 and it is exhausted from the 
buffering space 130 through these ventilation windows 161 
and 162. If needed, a power fan 163 can be installed at one 
of the ventilation windows 161 and 162 in order for the inner 
atmosphere in the room of the underground facility to 
circulate compulsorily through the buffering space 130. 

If the outside atmosphere from the aboveground has 
higher temperature and humidity than that of the under- 
ground room, it compulsorily flows into the buffering space 
130 through the lower ventilation window 161 by the power 
fan 163. As the moisture is heavier than dry air, it is better 
if the high humidity air inflows through the lower ventilation 
window 161. In the buffering space 130, the moisture of the 
inflow air is mostly condensed to be dewdrops 170 on the 
surface of the wall 110a. Then, the inflow air is converted 
into dry and cool air and exhausted back to the room of the 
underground facility through the upper ventilation window 
162. It is better if a ventilation duct 164 is installed to bridge 
the facing upper ventilation windows 162 forming the two 
faced inside walls 120. 

In order to enhance the condensation effect at the buff- 
ering space 130, it is preferable if the temperature difference 
between the room of the underground facility and the buffer 
space 130 is big. Therefore, the inside wall 120 has a heat 
insulating material. If the dewdrop 170 is absorbed into the 
inside wall 120, the heat insulating performance is lowered. 
Therefore, it is better if the inside wall 120 does not absorb 
moisture. Especially, the surface of the inside wall 120 
towards the buffering space 130 should have the waterproof 
capacity. 

A water drainage trench 150 is constructed at the bottom 
of the buffering space 130 in order to drain the water from 
the condensation to outside. For effective drainage, the water 
drainage trench 150 has a slop way or a ramp. 
Preferred Embodiment 2 

In the present invention, it is important to make the 
condensation compulsorily in order to eliminate the mois- 
ture effectively in the room atmosphere of the underground 
facility. Especially, the condensation should occur only in 
the buffering space. Therefore, it is better if a condensation 
inductor is installed in the buffering space. 

The FIGS. 5a and 5b show one example of this embodi- 
ment including a condensation inductor 140 using a steel 
chain hanging on the wall 110a. The condensation inductor 
140 can have the similar temperature with the earth 199 or 
the wall 120 through radiation. So that, the moisture in the 
inflow air can be condense more easily into dewdrops at the 
surface of the condensation inductor 140. 

To induce the condensation more effectively, it is better if 
the material of the condensation inductor 140 has high 
thermal conduction so that the cooling radiation occurs 
rapidly from the earth. Generally, metals having the high 
density, i.e., the heavier mass per unit volume, are preferred 
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to be the typical material for the condensation inductor 140. 
Furthermore, it should not be rusted by the moisture or the 
dewdrops. For example, a stainless steel or a copper which 
does not rust anymore once its surface is rusted is good for 
the condensation inductor material. 5 

Furthermore, the condensation inductor 140 should con- 
tact the earth 199 or the wall 110a which has the lowest 
temperature among the underground circumstance. Here, the 
wall means the outer case of the underground facility 
contacting the earth, that is at least one of the underground 
wall, the ceiling and the bottom is included in the term, 
"wall". Therefore, the cold temperature is continuously 
transferred to the condensation inductor 140. 

Here, the one concerned is the shape of the condensation 
inductor. It is preferred that the surface of the condensation 
inductor contacts more amount of the air which inflows into 15 
the buffering space 130 as possible. Simultaneously, the air 
flow through the buffering space 130 can be easily per- 
formed. Therefore, the shape of the condensation inductor 
140 is either a chain, pipe, grid or honey comb structure. The 
FIG. 6 shows another example of this embodiment including 20 
a condensation inductor 140 using a honey comb structure 
on the wall and using another type of ventilation window 
161 and 162 and ventilation fan 163. 
Preferred Embodiment 3 

In this embodiment, we explain variations of the conden- 25 
sation inductor in detail. The FIGS, la and lb show the first 
and second example of the condensation inductor formed 
with a concrete wall 110a having the ridge and furrow 
surface 140a. The FIGS. 1c and Id shows the third and 
fourth example of the condensation inductor 140 formed 30 
with a plain concrete wall 110a and a waved metal sheet 
attached on the concrete wall. 

According to the preferred embodiment 1, the wall 110a 
of the underground facility is constructed as the inside 
surface of the wall has a ridge and furrow shape. The 35 
concrete is a good material for the condensation inductor 
140. So that, the area of the surface is maximized hence, the 
inflow air contacts the condensation inductor 140. The FIG. 
la shows the pattern of the ridge and furrow arrayed in a 
horizontal direction and the FIG. lb shows the pattern of the 40 
ridge and furrow arrayed in a vertical direction. 

Generally, in order to construct the surface of the concrete 
wall having the ridge and furrow shape, a molding panel 
having the ridge and furrow shape is installed at the position 
where the wall is constructed at first. Then the concrete wall 45 
is constructed. And the molding panel is removed. At this 
point, if the molding panel is a better material for conden- 
sation inductor 140, then there is no need to remove the 
molding panel. Therefore, the molding panel can increase 
the effect of the condensation in maximum. 50 

According to the preferred embodiment 1, the wall 110a 
of the underground facility is constructed with plain surface. 
And a waved metal sheet is fixed on the surface of the inside 
surface of the wall 110a. The FIGS. 1c and Id show the 
various patterns of the waved metal sheet used as a conden- 55 
sation inductor 140. 
Preferred Embodiment 4 

In this embodiment, the core technique is applied at the 
bottom of the underground facility. The bottom of the 
underground facility is fully buried in the earth 199, so the 60 
bottom HOC is the coldest surface of the underground 
facility. Furthermore, the air which is high in humidity or 
which has over humidity generally sinks down as the wet air 
is heavier than the dry air. Therefore, the bottom part is a 
good place for inducing the condensation compulsorily. The 65 
FIGS. 8a to 9c show various examples of this embodiment 
according to the present invention. 
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An underground facility is constructed semi-under the 
earth (or ground) 199. The bottom of the underground 
facility has a slop for draining the water from the conden- 
sation to at least one side of the underground facility. A 
inside bottom is installed on the bottom with a certain 
distance. So, a buffering space is formed between the bottom 
and the inside bottom. Generally, in the inside bottom, the 
goods are stored and working men and carriers move 
around. So the room air easily flows into the buffering space 
and exhausted therefrom. So, it is preferred that the inside 
bottom has a grating part. The FIGS. 8a and 9c show some 
examples of this embodiment in which the various slops are 
applied. The FIGS. 8a to 8c show examples of which the 
inside bottom is formed with full grating, and the FIGS. 9a 
to 9c show the inside bottom formed with partial grating. 
The FIGS, la and 8a have two slops, that is, the center part 
of the bottom is higher than the two side part. The FIG. 8b, 
8c, 9b and 9c are formed with one slop, that is, the one side 
of the bottom is higher than the others. If needed, a con- 
densation inductor can be installed between the bottom 110a 
and the inside bottom 120a. 
Preferred Embodiment 5 

According to the present invention, when the air with high 
temperature and high humidity flows into the underground 
facility from outside, the air is flown into the buffering space 
by this dehumidification system. In the buffering space, the 
moisture in the air which is flown from the underground 
facility is eliminated and this air returns to the room of the 
underground facility. The buffering space has similar tem- 
perature to the earth (underground) temperature as it con- 
tacts the underground directly and therefore, the temperature 
is lower than that of the room of the underground facility. In 
other words, the air inside the buffering space has lower 
temperature than the air of the underground facility while the 
moisture in the air is eliminated. In this circumstance, the 
dew point drops when the air contacts the surface of the 
stored goods and as a result a slight problem of dew occurs 
on the surface of the stored goods. In order to prevent this 
from happening, the temperature of the air circulated from 
the buffering space to the room of the underground facility 
needs to be heightened slightly so that it would be similar to 
the temperature of the room. However, the heightened 
temperature should not exceed the temperature of the room. 

The FIG. 10 shows one example of this preferred embodi- 
ment. Considering that the condensation problem in the 
underground facility generally occurs in summer, the heat 
area 181 can get its heat source from the sun not from the 
artificial energy. Below is the example applied in case the 
upper part of the underground storage facility is constructed 
near the earth or in case it is constructed as a semi- 
underground facility. The heat area 181 exposed above the 
earth is formed between the outer portion of the buffering 
space 130 and the room 183 of the underground facility. The 
air in which the moisture eliminated in the buffering space 
130 flows through the heat area 181 and after heightening 
the temperature slightly, it is returned to the room of the 
underground facility. 

The FIG. 11 shows another example of this preferred 
embodiment. This example is applied in case the upper part 
of the underground storage facility is constructed deep down 
the earth. In this case, an heat collector 185 is installed above 
the ground. An heat transferring means 187 such as an heat 
pipe installed between the heat collector 185 and the heat 
area 181. An heat radiator 189 is connected to the end of the 
heat transferring means 187 and is installed inside the heat 
area 181. Therefore, the high humidity air is dried through 
the buffering space 130. Then temperature of the dried air is 
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heightened to the temperature of the room 183 of the 
underground facility under the condition that it does not 
exceed the temperature of the room and the air of the heat 
area 181 flows back into the room. 

5 

THE ADVANTAGES OF THE PRESENT 
INVENTION 

The present invention suggests an underground facility 
for storing goods having a dehumidification system and a 
method for eliminating the moisture in the air infiltrated 
from outside in which the air is higher in temperature and 
humidity than the underground facility. According to the 
present invention, the dehumidification system is con- 
structed using the buffering space formed at the near space 
of the wall. The humidification of the present invention is 
performed by inducing the condensation in the buffering 
space. Therefore, there is no need to install any air condi- 
tioner nor dehumidifier which costs a lot to buy on the first 
hand, consumes electrical power constantly and which needs ^ 
maintenance cost during the usage. 

What is claimed is: 

1. An underground facility having a dehumidification 
system comprising: 

an outer wall; 25 

an interior wall spaced from said outer wall of the 
underground facility, said interior wall defining an 
interior space of said facility; 

a buffering space formed between said outer wall and the 
interior wall, wherein said interior wall divides said 30 
buffering space from said interior space of the under- 
ground facility and; 

ventilation means which air circulates between the inte- 
rior space and the buffering space. 

2. The underground facility according to the claim 1, 35 
wherein said interior wall comprises a heat insulating mate- 
rial. 

3. The underground facility according to the claim 1, 
wherein the surface of said interior wall facing said buffering 
space comprises a waterproof material. 40 

4. The underground facility according to the claim 1, 
wherein the ventilation means comprises: 

a lower ventilation window at a lower position on said 
interior wall; 

45 

an upper ventilation window at an upper position on said 

interior wall and; 
a ventilation fan exhausting inflow air from said interior 

space into the buffering space through the lower ven- 
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tilation window and back to said interior space through 
the upper ventilation window. 

5. The underground facility according to the claim 4 
further comprising heating means wherein air exhausted 
from the buffering space is heated before flowing into said 
interior space of the underground facility. 

6. The underground facility according to the claim 1 
further comprising a condensation inductor in the buffering 
space. 

7. The underground facility according to the claim 6, 
wherein the condensation inductor is formed of a material 
selected from the group consisting of steel, stainless steel, 
aluminum, copper and mixtures thereof. 

8. The underground facility according to the claim 6, 
wherein the condensation inductor is comprised of a waved 
sheet, chain, or honey comb type panel. 

9. The underground facility according to the claim 6, 
wherein the condensation inductor includes a concrete sur- 
face having a ridge and furrow shape. 

10. The underground facility according to the claim 1 
further comprising heating means connected to the ventila- 
tion means wherein air dried in the buffer space is heated to 
the temperature of the interior space of the underground 
facility. 

11. The underground facility according to the claim 10 
further comprising a thermal collector and heat transfer 
means transferring the heat collected from said thermal 
collector to said heating means. 

12. A method for dehumidification of air in an interior 
space of an underground facility comprising the steps of: 

providing a buffering space between an outer wall of said 
underground facility and an interior wall spaced from 
said outer wall, said interior wall defining an interior 
space of said underground facility; 

causing air to flow from said interior space into the buffer 
space having the lower temperature than said interior 
space so that moisture in said air is eliminated by 
condensation; 

exhausting said air in the buffer space back into said 
interior space of the underground facility upon mois- 
ture being eliminated therefrom. 

13. The method for dehumidification according to the 
claim 12, further comprising heating said air once moisture 
is eliminated therefrom prior to being exhausted into said 
interior space. 

* * * * * 



